Introduction
Since the surface treatment by low temperature plasmas can vary the physicochemical, structural and functional properties on polymer material without affecting the bulk characteristics, it has been widely used to control of the biocompatibility of polymeric materials. [1] [2] [3] For example, the cell adhesion onto polymer substrate is enhanced by hydrophilization on the surface using plasma surface treatment. [4, 5] On the other hand, the hydrophobic recovery is commonly observed on the plasma irradiated polymer surface, which is a matter of great concern in the practical use. [6, 7] We have developed the method to introduce a durable surface hydrophilicity and minimize its decay with time on several hydrophobic polymers using plasma techniques. [8] [9] [10] This method involves a sorption of vinylmethylether-maleic anhydride copolymer (VEMA) into the surface layer of polymer substrate and the immobilization of VEMA by plasma-induced crosslink reaction, followed by hydrolysis of VEMA to generate hydrophilic carboxyl groups (VEMAC) on the surface. The conceptual procedure is sequentially illustrated in Fig. 1 . The VEMAC-immobilized surface can also be used as a substrate for the covalent immobilization of the bioactive molecules through reactions with carboxyl group.
In our previous paper, we reported the preparation of VEMAC-immobilized polystyrene (PS/VEMAC) dish by essentially the same method showed in Fig. 1. [11] and the immobilization of cell adhesive peptide, Glycine-Arginine-GlycineAspartic acid-Serine (GRGDS) known as a fibronectin active fragment, on the surface [12] . The surface thus prepared promoted the adhesion and proliferation of mouse embryonic fibroblast, NIH3T3, in the culture with medium containing 10 % calf serum.
When the substrate is exposed to a suspension of cells in culture medium containing serum, the serum proteins rapidly adsorb onto the surface, and conditions. Collagen is a major component of extracellular matrix (ECM) and serves many functions such as providing support and anchorage for cells and regulating intercellular communication. Therefore, the collagen-coating is used to promote cell adhesion and spreading on the culture substrate. Figure 2 shows photomicrographs of NIH3T3 cells on each substrate after 2 hours ( Fig. 2A ) and 2 days (Fig. 2B ) of culture. In this experiment, as the cells were cultured in serum-free medium, the initial adhesion must be occurred by the direct interaction between cell surface and substrate surface. As shown in Fig. 2A , the cells on the GRGDS-immobilized surface adhered and begun to spread on the surface at 2 h after seeding. On the other hand, few or no cells adhered onto collagen-coated and GRGES-immobilized surface. The promotional effect of the immobilized GRGDS-peptide on adhesion and spreading of NIH3T3 cells was more apparent at 2 days of culture as shown in Fig. 2B . The RGD sequence has been identified as a minimal essential cell adhesion peptide sequence in many ECM proteins and is recognized by cell surface receptor, integrin. [13, 14] These results shown in Fig. 2 , therefore, indicate that the initial cell adhesion onto GRGDS-immobilized surface results from the specific interaction between RGD sequence in immobilized peptide and integrins.
The cell proliferation on the each substrate under serum-free condition was measured at 2 days. Figure 3 shows the number of cells adhered on the substrate after 2 days of culture in serum-free medium, together with that in medium with 10 % calf serum for the comparison purpose. Since the initial seeding density of cells was 1.0×10 5 cells/dish, the cell proliferation was observed only on the GRGDS-immobilized surface under serumfree conditions. These results suggest that the GRGDS-immobilized PS/ VEMAC surface works as artificial ECM and interacts with cell surface integrins to stimulate biological processes of cell such as growth and proliferation. On the other hand, the significant proliferation of cells cultured in serum-containing medium was observed on all substrates except for non-treated PS. This result indicates that the cell adhesion and proliferation on culture substrate in presence of serum are predominantly caused and promoted by serum. J. Photopolym. Sci. Technol., Vol. 23, No. 4, 2010 
